Proposal of an Arc Detection

INTRODUCTION
High voltages and electric fields inside any ICRF antenna have the potential to create arcs and consequently damage it henceforth reducing the deliverable power. A fast and reliable arc detection system must therefore be developed. A transmission line model of the full ITER ICRF antenna [1, 2] and matching system [3, 4] shown in Figure 1 has been used to simulate the response of potential arc detection techniques. Various plasma profiles and antenna phasings have been tested and the outcomes remain similar. A 20 nH parallel inductance simulating an arc is moved along the antenna to analyse its effect on the various measurements. Edge Localised Modes (ELMs) are also simulated, according to the formula [5] :
Due to the load-resilience nature of the matching system, the usual voltage or Voltage Standing Wave Ratio (VSWR) measurements along the lines are not capable of detecting arcs or distinguishing between arcs and ELMs. Indeed, as depicted in Figure  2 , the voltage variation at different measurement points due to an arc is similar to the one due to an ELM. Therefore, others techniques have to be investigated.
PHASE VARIATION
One of the systems considered is the variation of the phase of the Reflection Coefficient (ρ) measured at V back ( Figure 1 ). For matched conditions, V back = V max [3, 4] , which makes the phase of ρ being zero in normal conditions without arc, as depicted in the dotted line in Figure 3 (a).
In that same Figure 3 (a), it appears that an arc (plain line) has a stronger influence on the phase of ρ than an ELM (dashed line), independently of the operating frequency, allowing differentiating between both. The Service Stub (SS) can also be partially protected (+ markers).
VOLTAGE RATIO ARC DETECTION
The other investigated system is the Voltage Ratio Arc Detection (VRAD). A VRAD signal is calculated independently for each Removable Vacuum Transmission Line (RVTL) according to the formula:
with measured as far forward in the antenna as possible and measured near the voltage maximum, before the Decouplers.
Various combinations of measurements have been tested but these two come out as the most effective. As shown on Figure 3 (b), the VRAD is relatively insensitive to ELMs (dashed line), whatever the operating frequency but an arc (plain line) gives a clear signal change, which can easily be detected. This system can also detect arcs in parts of the SS (+ markers). For the VRAD to be effective, the measurement at the front needs to be at a high voltage point and this for all frequencies. This is the case around the 4 Port Junction (4PJ) but the VRAD responses for three different measurement positions shown in Figure 4 (b) prove that a probe located shortly after the 4PJ is also suitable. The advantage of the later location is that the probes can be incorporated in the RVTL and therefore replaced with the scheduled maintenance of this component. Unfortunately, incorporating a probe at this location may not be mechanically possible. The proposed probes are also designed to measure the current. An estimate of the voltage maximum on the RVTL section between the 4PJ and the SS can be approximated by [6] . Therefore, the following formula may be the solution and needs to be further investigated: 
CONCLUSIONS
The VRAD combined with the phase variation of the reflection coefficient appears to be a robust arc detection system, tolerant to load variation in the plasma independently of the antenna phasing. If positioning the probe just behind the 4PJ is technically problematic, combining local voltage and current measurements may provide a solution.
Unfortunately, arcs at low voltage points are still undetectable and their detection requires another system not relying on voltage measurements. 
